A decision model is developed to help managers select the most appropriate sequences of plans for product research and development (R&D) projects under strict constraints on budget and resources. In recent years, many organizations have changed from discipline-oriented to focusing on integrated programs and related outcomes. For a decision-maker of these high-profile R&D programs, it is critical to understand which activities are the most important, considering both investment feasibility and cost-effectiveness. This paper proposes a two-dimensional decision model that integrates fuzzy data envelopment analysis and analytic hierarchy process to perform this essential task. Using the information from these two decision science tools, the model develops a two-axis evaluation space for research alternatives. By locating particular activities in this decision space, a program manager can compare and prioritize alternative research investments.
INTRODUCTION
A large corporation often has to make decisions on the scope of product research and development (R&D) projects. The main criteria for project evaluation are budget and resources constraints. Therefore, the selection of a balanced R&D portfolio, combining corporation goals, resources and constraints is an important but venturesome task (Islei et al., 1991) . Research portfolio analysis and decision models can be effective tools in promoting organizational participation in complex decision-making. This involvement develops a consensus for and understanding of organizational goals and the associated performance metrics. To achieve the goal, decision models should provide managerial information without the distraction of excessive complexity (Howard, 1988) . Specifically, models should provide benefits that exceed the difficulty and effort required for model development, use and maintenance. This study proposes integrating two complementary decision tools that have particular promise in R&D management environment: fuzzy analytic hierarchy process (FAHP) and data envelopment analysis (FDEA). Major concerns in the two-dimensional decision model are comparing, prioritizing alternative research investments and the best allocation of the corporation's resources to selected projects. Specifically, the 'two-dimensional model' incorporates the following features:
1) The 'model' makes use of the subjective information provided by FAHP and the objective information from FDEA.
2) The 'model' helps managers choose the "right" project. This choice requires an understanding of which R&D project has the greatest potential to create value for the corporation and the difficulty of achieving it (Menke, 1991) . A "right" project is a project with relatively high chance of success and low development cost. 3) A resource allocation plan to help managers perform the development process "right." Such a plan requires managers to organize tasks and resources to work on the most valuable project attributes and surmount technical hurdles in the most timely and cost-effective way.
The rest of the paper is organized as follows: subsequently, it describes the related literature, after which the proposed two-dimensional decision model is presents. There after it describes the application of the proposed model. Lastly, the conclusion of the paper is given.
MATERIALS AND METHODS
The management of a balanced development portfolio is a typical resource allocation problem in an R&D environment where a company can pursue only a limited number of research projects and the chance of success of some of the projects is highly uncertain. There is a vast literature on R&D project evaluation and selection, and there are hundreds of models using a wide range of mathematically based approaches (Baker and Pound, 1964; Schroder, 1971; Baker and Freeland, 1971; Albala, 1975; Liberatore and Titus, 1986; Souder and Tomislav, 1986; Roussell et al., 1991; Poth and Bai, 2001; Osawa and Michikazu, 2002; Meade and Presley, 2002) . Various researchers have provided a good review of these approaches to R&D project management. However, very few have focused on examining the degree to which the techniques meet the requirements of the evaluation process (Poth et al., 2001 ). According to Poth et al. (2001) study results which reveal weighting and ranking methods are better than benefit-contribution methods. The most common types of weighting and ranking methods are the comparative method, scoring method, DEA and AHP. We can further divide the aforementioned methods into subjective and objective decision methods depending on the information provided. Subjective decision methods determine weights and ranks that reflect subjective judgment, but the decision-makers can influence these weights. Objective decision methods determine weights and ranks by making use of mathematical models, but they neglect subjective judgment. Subjective decision methods involve subjectivity when determining the R&D investment alternatives; it has better rationality with respect to determining the priority of the R&D investment alternatives. Therefore, the subjective decision methods should enjoy the highest priority in choosing among the R&D investment alternatives, followed by objective decision methods. It is also important for decision-makers to minimize the practice of subjective judgment in order to minimize decision errors. The comparative method and scoring method are popular methods for ranking R&D projects, but have severe drawbacks. R&D alternatives are usually a decision of multiple criteria or multiple objectives. Because FAHP involves analysis, it is ideal for evaluating investment feasibility.
The AHP method has been applied to R&D project evaluation (Poth et al., 2001; Liberatore, 1987; Goldern et al., 1989) , while the DEA method is useful for ranking R&D projects and it is effective in identifying inefficient R&D projects (Linton et al., 2002) . Cost effectiveness evaluation can be made using DEA. This study combines both the subjective decision method (FAHP) and the objective decision method (FDEA) to evaluate R&D investment alternatives using the decision space shown in Figure 1 . The X-Axis in Figure 1 stands for cost effectiveness evaluation while Y-axis stands for investment feasibility evaluation. The figure is divided into four quadrants and then each quadrant is subdivided into four more quadrants and vice versa. It means the alternative that falls in the top right corner has the advantage of being cost-effective and investment-feasible. Investors may have the R&D projects chosen and ranked with top priority in the said figure. The first quadrant stands for high investment feasibility and cost effectiveness-highest priority. The second quadrant stands for high investment feasible but not cost effectiveness-performance improvement required (second best). The third quadrant stands for low investment feasible and cost effectiveness-eliminate the alternative. The fourth quadrant stands for low investment feasible but cost effectiveness-low priority.
RESULTS AND DISCUSSION
Here, provides a simple example of FDEA in a research management context and integration with FAHP to evaluate research activities in the subjective and objective decision space involving success feasibility and productivity (Figure 1) . Consider a decision-maker faced with allocating limited funding for R&D program goals and objectives. Ten R&D activities are candidates for funding to support program objectives. Firstly, to clearly illustrate the FDEA concept, percentage completion is the only output and each R&D project is assessed according to the input resources (here are labor and capital) required to achieve 100% completion. Table 1 presents a summary of the inputs, outputs and total budgets for the 10 R&D projects. Since a uniform output has been selected and two inputs are used in the example, an easily interpreted graphical representation can be developed to provide insight into the FDEA results. Figure 2 plots the input data for the R&D alternatives and shows that the productivity frontier is composed of A1, A4 and A10 while the rest are not as efficient and are beyond the frontier. Secondly, the FAHP is employed to evaluate the successful feasibility of R&D investment alternatives. According to the evaluation criteria of the investment project, the technical evaluation criteria derived from a previous study (Ta, 1989; Osawe et al., 2002) is referred for investment evaluation. Evaluation criteria include the feasibility of markets, technology, economic and finance. Feasibility analysis of markets is to search and analyze the data used in confirming, identifying, illustrating, and quantifying markets in order to determine whether a market is sufficient now and in the future for our investment project and whether it is a profitable investment. Feasibility analysis of technology is to confirm whether the investment project is technically possible for execution; moreover, for the reference of cost evaluation. Feasibility analysis of economy applies the result of market analysis and technology analysis to analyzing the economic effect of an investment project in accordance with the concept of financial statements and cash flow; as well as for estimating operating performance in order to understand the economic effect of the investment project. Feasibility analysis of finance is for expressing the value of investment project from the standpoint of profit, in other words, to evaluate the possible combinations of investment fund source and fund cost. Figure 3 shows the FAHP hierarchy for our investment alternatives. Our objective is to perform a comparative study of the 10 investment alternatives. These 10 investment alternatives are enumerated at level 3 of the hierarchy in Figure 3 . At the highest level of the hierarchy, we specify the goal, which is the identification of the successful feasible R&D investment alternatives. Figure 4 . According to the four-quadrant analysis, the decision-maker can draw the following conclusions: 1) R&D A10 is both productive and feasible. This is a very high-priority project.
2) R&D A1, A4 and A8 are productive but not feasible. As a result, this program has a low priority for funding.
3) R&D A2, A7 and A9 should be eliminated. They are not productive and not important. 4) R&D A3, A5 and A6 should be targeted for improvement if possible. It is an important program but not cost-effective compared with other programs.
5) The priority of the 10 R&D alternatives is in the order of A10, A5, A6, A3, A1, A8, A4, A9, A7 and A2.
In view of the limited budget (NT$5 million), decision-makers should adopt A10, A5, and A6 but not A3.
Conclusion
This study introduces a two-dimensional decision model, a planning and scheduling tool that helps decision-maker evaluate and analyze schedules and resource requirements for R&D. By building on the strengths of two simple, yet powerful, decision tools, the model employs FAHP and FDEA (Table 2) to develop a decision space that identifies critical impact areas for decision-makers. Using FAHP, the model identifies the feasible activities that can achieve organizational goals. FDEA identifies the activities that are cost-effective and thereby brings the reality of limited budgetary resources into the decision process. Together, these two data elements allow the decision-maker to evaluate and compare research alternatives in a two-dimensional space. In short, the two-dimensional model incorporates the following features:
1) This model reduces subjective judgment.
2) A scientific and systematic product development process to help managers choose the "right" project.
3) A resource allocation plan to help managers perform the development process "right."
4) The flexibility of this model makes possible a wide range of application opportunities.
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